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UNDERGROUND SYSTEM ADAPTED FOR
RETAINING OR DETAINING STORMWATER

CROSS-REFERENCE TO RELATED
APPLICATIONS D

Not Applicable.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

10

Not Applicable.

APPENDIX

15
Not Applicable

BACKGROUND OF THE INVENTION

Field of the Invention 20

The present invention pertains to an underground system
adapted for retaining or detaining stormwater.

SUMMARY OF THE INVENTION >

One aspect of the present mmvention 1s a stormwater
management system adapted for retamning or detaiming
stormwater comprising a plurality of cells arranged 1 a ;g
generally honeycomb configuration. Each of the plurality of
cells 1s generally hexagonal 1n cross-section and has an
internal region. The plurality of cells 1s 1 fluid communi-
cation with one another to allow stormwater to flow from the
internal region of one of the plurality of cells to the internal

region of another of the plurality of cells.

Another aspect of the present mvention 1s a cell for a
stormwater management system adapted for retaining or
detaining stormwater comprising a body portion and an
internal region. The body portion 1s generally hexagonal 1n
cross-section. The body portion comprises six sides and a
window 1n one of the sides. The window 1s adapted to permit
passage ol stormwater into and out of the internal region.

Another aspect of the present mvention 1s a method of
forming a stormwater management system adapted for 45
retaining or detaining stormwater comprising arranging a
plurality of cells 1n a generally honeycomb configuration.
Each of the plurality of cells 1s generally hexagonal 1n
cross-section and has an internal region. The plurality of
cells 1s arranged 1n a manner such that stormwater 1s able 50
flow from the internal region of one of the plurality of cells
to the internal region of another of the plurality of cells.

35

40

BRIEF DESCRIPTION OF THE DRAWINGS

55

FIG. 1 1s a perspective view of an embodiment of a
stormwater management system of the present invention, the
stormwater management system having a lower level of
cells, an upper level of cells, and an itermediate level of
cells.

FIG. 2 1s a side elevational view of the stormwater
management system of FIG. 1.

FIG. 3 1s a perspective view of the stormwater manage-
ment system of FIG. 1 with portions broken away to show
detaul.

FIG. 4 1s a cross-sectional view taken along the plane of

line 4-4 of FIG. 2.

60
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FIG. 5 1s a perspective view of one of the cells of the
upper level of cells of the stormwater management system of

FIG. 1.

FIG. 6 1s a perspective view ol one of the cells of the
intermediate level of cells of the stormwater management
system of FIG. 1.

FIG. 7 1s a perspective view of one of the cells of the
lower level of cells of the stormwater management system of
FIG. 1.

FIG. 8 1s a perspective view of another embodiment of a
cell of the present invention, the cell of FIG. 8 being similar
to the cell of FIG. 5 but having a bottom portion and a flat
top.

FIG. 9 1s a perspective view ol another embodiment of a
cell of the present invention, the cell of FIG. 9 being similar
to the cell of FIG. 7 but having a closed bottom.

FIG. 10 1s a perspective view of another embodiment of
a stormwater management system of the present invention.

FIG. 11 15 a perspective view of the stormwater manage-
ment system of FIG. 10 with portions broken away to show
detaul.

Reference numerals in the written specification and in the
drawing figures indicate corresponding items.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS OF T
INVENTION

T
T

An embodiment of a stormwater management system of
the present invention i1s shown 1 FIGS. 1-4 and indicated
generally by reference numeral 30. The stormwater man-
agement system 30 1s adapted for retaiming or detaining
stormwater. The stormwater management system 30 com-
prises an inlet 31 and an outlet 33. The inlet 31 1s adapted
to enable stormwater to enter the stormwater management
system 30 and the outlet 33 1s adapted to enable stormwater
to be removed from the stormwater management system.
One of ordinary skill in the art will understand that the
location of the inlet and the location of the outlet could be
different. Moreover, one of ordinary skill in the art will
understand that the stormwater management system could
comprise additional inlets and/or outlets.

The stormwater management system 30 comprises a
plurality of cells 32. Each cell 32 1s made from a material
suitable for use within a stormwater management system,
including, but not limited to, concrete. The plurality of cells
32 are arranged 1n a generally honeycomb configuration. As
can be seen 1 FIGS. 3 and 4, each of the plurality of cells
32 i1s generally hexagonal in cross-section and has an
internal region 34. Moreover, each cell within the stormwa-
ter management system 30 1s a module (i.e., of a umitary, one
piece construction). It 1s to be understood, however, that the
stormwater management system 30 could be constructed
such that each cell (or alternatively, each of some of the
cells) 1s made of separate pieces that collectively {it together
to form a cell. The plurality of cells 32 are mn fluid commu-
nication with one another to allow stormwater to flow from
the internal region of one of the plurality of cells to the
internal region of another of the plurality of cells.

As shown in FIGS. 1 and 2, the plurality of cells 32
comprises an upper level of cells 36, an intermediate level
of cells 38, and a lower level of cells 40. The upper level of
cells 36 1s over the intermediate level of cells 38. Addition-
ally, the upper level of cells 36 1s 1n fluid communication
with the intermediate level of cells 38. The intermediate
level of cells 38 1s over the lower level of cells 40. Addi-
tionally, the intermediate level of cells 38 1s 1n fluid com-
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munication with the lower level of cells 40. Accordingly, the
upper level of cells 36 1s 1n fluild communication with the
lower level of cells 40 via the intermediate level of cells 38.

An exemplary cell 42 located within the upper level of
cells 36 1s shown 1n FIG. 5. Cell 42 comprises a top portion
44 and a body portion 46. The top portion 44 and the body
portion 46 bound the internal region 34 of cell 42. The body
portion 46 includes an interior surface. The interior surface
1s of a shape that 1s generally a right circular cylinder. The
interior surface at least 1n part defines the internal region 34.
The top portion 44 and the body portion 46 are generally
hexagonal in cross-section. Although the cell 42 of the
present embodiment 1s a module of a molded, one-piece
construction, 1t 1s to be understood that the top portion 44
and the body portion 46 could be separate pieces that {it
together to collectively form cell 42. The top portion 44 of
cell 42 1s domed such that an 1nner surface (not shown) of
the top portion 1s concave. It 1s to be understood that the top
portion 44 of cell 42 could alternatively be substantially flat.
The body portion 46 comprises six sides 48 and a bottom
edge 50. The body portion 46 1s generally 1n the shape of a
hexagonal cylinder. More specifically, the body portion 46 1s
generally 1 the shape of an equilateral hexagonal cylinder.
The body portion 46 also comprises a plurality of windows
52. Each window 52 i1s 1n a different one of the six sides 48
and 1s spaced from the top portion 44 and the bottom edge
50. Additionally, each window 52 1s adapted to permit the
passage ol stormwater into and out of the internal region 34
of cell 42. Although FIG. § shows that each window 52 1s of
the same arched dimension, 1t 1s to be understood that the
windows could be of diflerent dimensions. Preferably, each
window 1s dimensioned such that an area of each window 1s
at least 50% of an area of the side of the cell in which each
window 1s located. More preferably, each window 1s dimen-
sioned such that an area of each window 1s at least 60% of
an area of the side 1n which each window 1s located. It 1s also
to be understood that a cell could have more or fewer
windows than that of cell 42. For example, cell 42q has four
windows and cell 426 has six windows (see FIG. 1).

An exemplary cell 33 located within the intermediate
level of cells 38 1s shown 1n FIG. 6. Cell 53 comprises a
body portion 534 having six sides 56, a top edge 38, and a
bottom edge 60. The body portion 54 bounds the internal
region 34 of cell 53. The body portion 54 includes an interior
surface. The interior surface 1s of a shape that 1s generally a
right circular cylinder. The interior surface at least in part
defines the internal region 34. More specifically, the body
portion 54 1s generally in the shape of an equilateral hex-
agonal cylinder. Moreover, the body portion 34 comprises a
plurality of windows 62. Each window 62 1s 1n a diflerent
one of the six sides 56 and 1s spaced from the top and bottom
edges 58, 60 of the body portion 34. Additionally, each
window 62 1s adapted to permit the passage of stormwater
into and out of the internal region 34 of cell 53. Although
FIG. 6 shows that each window 62 1s of the same arched
dimension, it 1s to be understood that the windows could be
of different dimensions. It 1s also to be understood that a cell
could have more or fewer windows that that of cell 53. For
example, cell 53a 1n FIG. 1 has four windows and cell 5356
in FIG. 3 has six windows.

An embodiment of an individual cell 64 located within the
lower level of cells 40 1s shown 1n FI1G. 7. Cell 64 comprises
a body portion 66 and a bottom portion 68 that are generally
hexagonal in cross-section. The body portion 66 and the
bottom portion 68 bound the internal region 34 of cell 64.
The body portion 66 includes an interior surface. The
interior surface is of a shape that 1s generally a right circular
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cylinder. The interior surface at least 1n part defines the
internal region 34. Although the cell 64 of the present
embodiment 1s a module, it 1s to be understood that the
bottom portion 68 and the body portion 66 could be separate
pieces that {it together to collectively form cell 64. The body
portion 66 comprises six sides 70 and a top edge 72. The
body portion 66 1s generally 1n the shape of a hexagonal
cylinder. More specifically, the body portion 66 1s generally
in the shape of an equilateral hexagonal cylinder. The
bottom portion 68 of cell 64 1s substantially flat and con-
stitutes a floor for the cell. The bottom portion 68 has an
opening 74 that 1s adapted such that stormwater can pass
therethrough and flow out of the internal region 34 of cell 64.
Moreover, the body portion 66 comprises a plurality of
windows 76. In particular, cell 64 has a first window 76,
a second window 76, and a third window 76 ... As shown
in FIG. 7, each window 76 1s 1n a diflerent one of the six
sides 70. The first window 76, 1s spaced from the top edge
72. The second and third windows 76,,.,, 76, are spaced
from the top edge 72 and the bottom portion 68. Each
window 76 1s adapted to permit passage of stormwater into
and out of the internal region 34 of cell 64. Although FIG.
7 shows that each window 76 1s of the same arched dimen-
sion, 1t 1s to be understood that the windows could be of
different dimensions. It 1s to be understood that a cell could
have more or fewer windows than that of cell 64. For
example, cell 64a 1n FIG. 1 contains four windows.

As can be seen 1 FIG. 3, a body portion of each of the
plurality of cells 32 within the stormwater management
system 30 1s substantially the same size as the body portion
of the other cells within the stormwater management system.
It 1s to be understood, however, that the body portion of at
least some of the cells could be of a different size. Moreover,
as can be seen 1 FIGS. 1-3, the plurality of cells 32 within
the stormwater management system 30 are arranged in a
manner such that the plurality of cells constitute a network
having an outer periphery 78. Some of the sides of the
plurality of cells 32 located along an outer edge of the
stormwater management system 30 constitute the outer
periphery 78. The cells 32 of the stormwater management
system 30 are preferably arranged such that the outer
periphery 78 does not contain any windows. FEach side
constituting the outer periphery 78 of the stormwater man-
agement system 30 preferably comprises a curved wall
portion 80. It 1s to be understood, however, that some or all
of the sides that constitute the outer periphery 78 of the
stormwater management system 30 could be substantially
flat.

As shown 1n FIGS. 3 and 4, the lower level of cells 40 of
the stormwater management system 30 are arranged in a
manner so as to form a plurality of parallel walkways 81.
Each walkway 81 extends 1n a single direction from a first
side of the stormwater management system to an opposite
side of the stormwater management system. Each walkway
81 enables a user to pass from the internal region 34 of one
cell within the lower level of cells 40 to the internal region
of another cell within the lower level of cells 40 without
having to step over a raised surface. A user 1s able to gain
access to the underground system 30 via a plurality of port
holes 83 located within the upper level of cells 36.

The stormwater management system 30 1s formed by
arranging the lower level of cells 40, the intermediate level
of cells 38, and the upper level of cells 36 in a generally
honeycomb configuration. The intermediate level of cells 38
1s arranged between the lower level of cells 40 and the upper
level of cells 36. The upper level of cells 36 1s arranged such
that each one of the top portions 44 1s in contact with the top
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portion 44 of another cell. Some of the upper level of cells
36 are arranged such that the top portions 44 of the cells are
in contact with the top portions 44 of at least two other cells.

Another embodiment of an individual cell 82 that could
be located within the upper level of cells 36 1s shown 1n FIG.
8. Cell 82 comprises a top portion 84, a body portion 86, and
a bottom edge 88. The top portion 84 and the body portion
86 bound the internal region 34 of cell 82. Each of the top
portion 84 and the body portion 86 1s substantially hexago-
nal in cross-section. The top portion 84 of cell 82 1s
substantially flat. It 1s to be understood, however, that the top
portion 84 of the cell 82 can be domed. Each of the body
portion 86 and the top portion 84 are separate pieces that fit
together to collectively form cell 82. The body portion 86
comprises six sides 90 and a plurality of windows 92. Each
window 92 1s 1n a diflerent one of the six sides 90. Each
window 1s adapted to permit passage of stormwater into and

out of the internal region 34 of cell 82. Although FIG. 8

shows that each window 92 1s of the same arched dimension,
it 15 to be understood that the windows could be of different
dimensions. It 1s also to be understood a cell could have
more or fewer windows than that of cell 82.

An alternative embodiment of an individual cell 106 that
could be located within the lower level of cells 40 1s shown
in FI1G. 9. Cell 106 comprises a body portion 108 having six
sides 110, a top edge 112, and a bottom portion 114. The
body portion 108 1s generally hexagonal in cross-section and
bounds the internal region 34 of cell 106. Although the cell
106 of the present embodiment 1s a module, 1t 15 to be
understood that the bottom portion 114 and the body portion
108 could be separate pieces that fit together to collectively
torm cell 106. The bottom portion 114 constitutes a floor for
cell 106. Moreover, the body portion 108 comprises a {first
window 116, a second window 116,.,, a third window
116,,~, a forth window 116, a fiith window 116, and a
sixth window 116,;... As shown 1n FIG. 10, each window 1s
in a different one of the six sides 110. The first and second
windows 116, 116,,., are opposite each other, the third and
tourth windows 116, 116,,,, are opposite each other, and
the fifth and six windows 116, 116, are opposite each
other. The first and second windows 116,,, 116, are
spaced from the top edge 112 of the body portion 108. The
first and second windows 116;,, 116, are not spaced from
the bottom portion 114. The third, fourth, fifth, and sixth
windows 104, 104, 104,,.., 104, are spaced from the
top edge 112 and bottom portion 114. Although FIG. 10
shows that each window 1s of the same arched dimension, 1t
1s to be understood the windows could be of different
dimensions. It 1s also to be understood that a cell could have
more or fewer windows than that of cell 106.

One of ordinary skill 1n the art will appreciate that the
upper level of cells 36 within the stormwater management
system 30 could be assembled cells consistent with cell
embodiment 42, cells consistent with cell embodiment 82, or
cells consistent with cell embodiments 42 and 82. Similarly,
one of ordinary skill in the art will appreciate that the lower
level of cells 40 could be assembled cells consistent with cell
embodiment 64, cells consistent with cell embodiment 106,
or cells consistent with cell embodiments of 64 and 106.

One of ordinary skill 1n the art will also appreciate that the
stormwater management system 30 can be formed such that
the mtermediate level of cells 38 1s omitted. Alternatively,
one ol ordinary skill in the art will appreciate that the
stormwater management system 30 can be formed such that
the stormwater management system includes more than one
intermediate level of cells.
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Another embodiment of a stormwater management sys-
tem of the present imnvention 1s shown m FIGS. 11-12 and
indicated generally by reference numeral 300. The under-
ground system 300 1s similar to the stormwater management
system 30, except that 1t comprises only a single level of
cells 302 wherein each cell 1s generally level with each other
cell. Although FIGS. 11-12 depicts each of the plurality of
cells 302 within the stormwater management system 300 as
having a substantially flat top portion 304, one of ordinary
skill in the art will understand that the top portion of each of
the plurality of cells could be domed. Moreover, as shown
in FIG. 12, each of the plurality of cells 302 comprises only
a top portion 304 and a body portion 306. Notably, each of
the plurality of cells does not comprise a bottom portion.
One of ordinary skill i the art, however, will understand
that all or some of the plurality of cells 302 could comprise
a bottom portion. One of ordinary skill 1n the art will also
understand that 1t all or some the plurality of cells 302
contain a bottom portion, the bottom portion may have an
opening to enable stormwater to pass therethrough.

It should also be understood that when introducing ele-
ments of the present invention in the claims or in the above
description of exemplary embodiments of the invention, the
terms “comprising,” “including,” and “having” are intended
to be open-ended and mean that there may be additional
clements other than the listed elements. Additionally, the
term “portion” should be construed as meaning some or all
of the i1tem or element that 1t qualifies. Moreover, the order
in which the steps of any method claim that follows are
presented should not be construed in a manner limiting the
order 1n which such steps must be performed.

What 1s claimed 1s:

1. A stormwater management system, the system com-
prising a plurality of cells arranged in a generally honey-
comb configuration, each of the plurality of cells being
generally hexagonal 1n cross-section and having an internal
region, the plurality of cells bemng n fluid commumnication
with one another to allow stormwater to flow from the
internal region of one of the plurality of cells to the internal
region of another of the plurality of cells, wherein each of
the plurality of cells 1s generally level with each of the other
cells of the plurality of cells, wherein each of the plurality
of cells comprises a hexagonal body portion comprising six
sides and a window 1n one of the sides, the window of each
cell being adapted to permit passage of stormwater into and
out of the internal region of such cell, the window of each
of the plurality of cells being adjacent a window of another
of the plurality of cells, wherein the plurality of cells
constitute a network having an outer periphery, a combina-
tion ol some of the sides of some of the plurality of cells
constituting the outer periphery of the network, wherein the
outer periphery of the network comprises a plurality of
curved wall portions.

2. A cell for a stormwater management system adapted for
retaining or detaining stormwater, the cell comprising a
body portion and an 1nternal region, the body portion being
generally hexagonal 1n cross-section, the body portion com-
prising six sides and a window 1n one of the sides, the
window being adapted to permit passage ol stormwater 1nto
and out of the internal region, wherein the body portion 1s
generally in the shape of an equilateral hexagonal cylinder,
wherein the body portion includes an interior surface, the
interior surface at least 1in part defining the internal region,
the interior surface being of a shape that 1s generally a
circular cylinder.

3. A cell as set forth 1n claim 2 wherein the body portion
1s a molded, one-piece construction.
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4. A cell as set forth 1 claim 2 wherein the cell comprises
a top portion.

5. A cell as set forth 1n claim 4 wherein the top portion 1s
generally hexagonal 1n cross-section.

6. A cell as set forth 1n claim 4 wherein the top portion 1s 5
domed.

7. A cell as set forth 1n claim 4 wherein the top portion and
the body portion collectively constitute a module.

8. A cell as set forth 1n claim 7 wherein the module 1s of
concrete. 10
9. A cell as set forth 1n claim 2 wherein the window 1n one
of the sides constitutes a first window 1n a first side, and the

cell further comprises a second window 1n a second side.

10. A cell as set forth i claam 2 wherein the cell
comprises a bottom portion constituting a floor. 15
11. A cell as set forth 1n claim 10 wherein the floor

comprises an opening, the opening being adapted such that
stormwater can tlow out of the internal region of the cell via
the opening.

20
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